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[ ] the international application as originally filed/furnished 
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[ ] pages* 
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[ ] pages* 
[X] pages* 
[ ] pages* 
the drawings: 
[X] pages 
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[ ] pages* 
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the drawings, sheets/figs 
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Box No. V R^soned l ^tement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 



1. Statement 
Novelty (N) 



Claims 
Claims 



1 - 19 



none 



YES 
NO 



Inventive step (IS) 



Claims 
Claims 



1-19 



none 



YES 
NO 



Industrial applicability (IA) Claims l - 19 



Claims 



none 



YES 
NO 



2. Citations and explanations (Rule 70.7) 
Hie following documents are referred to: 

D1-US4201467 ' 
D2 - US4402230 
D3 - US6570647 
D4-US4251733 
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Supplemental Box 

In case the space in any of the preceding boxes is not sufficient 
Continuation of: Box V 
NOVELTY: 

^^ffl^S 1 ? Kl 1 ? meet ^ e ^y^ 511 ^* of novelty according to PCT Article 33(2). None of the cited documents disclose the 
features recited in the independent claims 1 , 8, 14 or 1 7. 

Because the independent claims exhibit novelty with regard to the prior art, the dependent claims are also considered to be novel. 
INVENTIVE STEP: 

Amended claims 1 - 1 9 meet the requirements for inventive step PCT Article 33(3). None of the prior art teaches or fairly suggests the 
combination of features recited in the amended claims. 

i 

INDUSTRIAL APPLICABILITY: 

Amended claims 1 - 19 are considered to meet the requirements for industrial applicability. (PCT Article 33(4)) 



i 
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avalanche photodiodes (APD) as photodetectors 214, 216 if steam quality is 
approaching 1 00% or steam is superheated. 

[0039] Light sheets 202, 204 may be provided at various locations within pipe 
5 16. The sheets can be located in the center of the pipe, with the centerline velocity 

being measured using the cross-correlation technique. The centerline velocity must 

be converted into average velocity in order to calculate the total flow of the fluid. 

This conversion can be done by calculating the Reynolds number through known 

temperature and pressure of the fluid. Alternatively, the sheets can be located at l A 
10 radius from the pipe wall. This location eliminates the need for velocity conversion 

because the measured velocity at this point represents the integral velocity along 

pipe 16. 



[0040] In addition to determining the flow velocity through cross-correlation 
15 calculation, the signal processing means for this embodiment may be used to 
calculate dispersion of the signals from photodetectors 214, 216. Figure 14A and 
Figure 14B show the signal from one of the photodetectors while monitoring steam 
moving at a speed of 20m/s and having a quality of 94% and 65%, respectively. 
Higher water content or lower steam quality resulted in increasing the signal 
20 dispersion from 0.52 to 0.97 in this example. 

[0041] According to yet another embodiment, a collimated beam 23 0 is added 
to two light sheets as shown in Figure 1 5 . The two light sheets are used to determine 
the flow velocity in a way as described above. Light from the collimated beam 230 
25 is attenuated by the fluid flowing in pipe 1 6, and it is collected by an optical system 
232 into a reference photodetector 234. In addition to velocity measurement using 
the cross-correlation technique, the signal processing means for this embodiment 
may be used to calculate dispersion of the signal from 
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WHAT IS CLAIMED IS: 

1 . A method for measuring the velocity of a multiphase fluid flowing in a pipe, 
the multiphase fluid comprising a liquid phase and a gaseous or solid phase, 
the method comprising: 

a. directing a pair of collimated beams of light from an illuminator 
through the multiphase fluid by means of transparent portions of the 
pipe, said pair of collimated beams spaced apart in a direction of flow 
of the multiphase fluid by a predetermined distance; 

b. detecting scattered, deflected and attenuated light with a pair of 
photodetectors to produce a pair of signals, each of said pair of 
photodetectors associated with one of said pair of collimated beams; 

c. calculating a cross-correlation function between said pair of signals 
to determine a time delay between the signals; 

d. calculating the average velocity of the multiphase fluid by taking the 
ratio of the predetermined distance to the time delay between the 
signals; and, 

e. passing the pair of signals through a plurality of band-pass filters to 
isolate a plurality of pairs of corresponding frequency components, 
each of the plurality of pairs of corresponding frequency components 
corresponding to one of a plurality of flow components. 

2. A method according to claim 1 further comprising, for each of said plurality 
of pairs of corresponding frequency components: 

a. calculating a cross-correlation function between the pair of 
corresponding frequency components to determine a time delay 
between the corresponding frequency components; and, 

b. calculating the velocity of the corresponding flow component by 
taking the ratio of the predetermined distance to the time delay 
between the corresponding frequency components. 
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A method according to claim 2 further comprising determining an intensity 
of each of said pairs frequency components and calculating an amount of a 
corresponding one of said plurality of flow components from said intensity. 

A method according to claim 3 further comprising determining a flow rate 
of each of said plurality of flow components by multiplying the velocity of 
each flow component by the intensity of the corresponding pair of 
frequency components. 

A method according to claim 4 wherein a vapour fraction of said multiphase 
flow is calculated as a flow rate of a fastest one of said plurality of flow 
components. 

A method according to claim 5 further comprising determining a total flow 
rate of said multiphase flow by summing the flow rates of all of said 
plurality of flow components. 

A method according to claim 6 further comprising calculating a quality of 
the multiphase flow by talcing a ratio of the vapour fraction to the total flow 
rate. 

An apparatus for measuring the velocity of a multiphase fluid flowing in a 
pipe, the multiphase fluid comprising a liquid phase and a gaseous or solid 
phase, the apparatus comprising: 

a. an illuminator for generating a pair of collimated beams of light and 
directing said beams through the multiphase fluid by means of 
transparent portions of the pipe, said pair of collimated beams spaced 
apart in a direction of flow of the multiphase fluid by a 
predetermined distance; 

b. a pair of photodetectors positioned across the pipe from said 
illuminator, each of said pair of photodetectors optically associated 
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with one of said pair of collimated beams for detecting scattered, 
deflected and attenuated light from the associated beam and 
generating a signal; and, 
c. a signal processing means for processing the signals from said pair 
of photodetectors and calculating cross-correlation functions between 
the signals to determine a time delay, and for calculating the velocity 
of the multiphase fluid by taking a ratio of the predetermined distance 
to the time delay, said signal processing means comprising a plurality 
of band-pass filters for isolating a plurality of frequency components 
of each of the pair of signals. 

An apparatus according to claim 8 wherein said illuminator comprises a first 
illuminator for generating a first pair of collimated beams, and wherein said 
pair of photodetectors comprises a first pair of photodetectors, the apparatus 
further comprising: 

a. a second illuminator for generating a second p air of collimated beams 
of light and directing said second pair of beams through the 
multiphase fluid at an angle to said pair of beams generated by said 
first illuminator; and, 

b. a second pair of photodetectors positioned across the pipe from said 
second illuminator, each of said second set pair of photodetectors 
optically associated with one of said second pair of collimated beams 
for detecting scattered, deflected and attenuated light from the 
associated beam and generating a signal, 

wherein said signals from said second pair of photodetectors are processed 
by said signal processing means. 

An apparatus according to claim 9 wherein the angle is perpendicular. 

An apparatus according to claim 9 further comprising at least one optical 
system for focusing light scattered at a near perpendicular angle from said 
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pair of collimated beams from at least one measurement zone onto at least 
one photodetector. 

An apparatus according to claim 8 further comprising a multi-focal optical 
system for focusing light scattered at a shallow angle from said pair of 
collimated beams from a plurality of measurement zones onto a plurality of 
photo detectors . 

An apparatus according to claim 8 further comprising a multi-focal optical 
system for focusing light scattered at a near 180 degree angle from said pair 
of collimated beams from a plurality of measurement zones onto a plurality 
of photo detectors. 

A method for measuring the velocity of a multiphase fluid flowing in a pipe, 
the multiphase fluid comprising a liquid phase and a gaseous or solid phase, 
the method comprising: 

(a) directing a pair of light sheets from an illuminator through the 
multiphase fluid by means of transparent portions of the pipe, said 
pair of light sheets oriented perpendicular to a direction of flow of 
multiphase fluid and spaced apart in the direction of flow by a 
predetermined distance; 

(b) detecting scattered and deflected light with a pair of photodetectors 
to produce a pair of signals, each of said pair of photodetectors 
associated with one of said pair of light sheets; 

(c) calculating a cross-correlation function between said pair of signals 
to determine a time delay between the signals; 

(d) calculating the average velocity of the multiphase fluid by taking the 
ratio of the predetermined distance to the time delay; and 

(e) calculating an amount of liquid fraction in the multiphase fluid based 
on dispersion of signals from said photodetectors. 
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A method according to claim 14 further comprising: 

(a) directing at least one collimated beam in a direction generally parallel 
to said pair of light sheets; 

(b) detecting deflected and attenuated light from said collimated beam 
with a reference photodetector to produce a signal associated with 
said collimated beam; and, 

(c) calculating the amount of liquid fraction in the multiphase fluid 
based on dispersion of the signal from said reference photodetector. 

A method according to claim 14 further comprising: 

(a) directing at least one collimated beam in a direction generally parallel 
to said pair of light sheets, said collimated beam comprising light of 
a first wavelength with high absorbance in a liquid fraction and light 
of a second wavelength with low absorbance in the liquid fraction; 

(b) detecting attenuated light with reference photodetectors to produce 
a first signal corresponding to light of said first wavelength and a 
second signal corresponding to light of said second wavelength; and, 

(c) calculating the amount of liquid fraction in the multiphase fluid 
based on a ratio of said first and second signals. 

An apparatus for measuring the velocity of a multiphase fluid flowing in a 
pipe, the multiphase fluid comprising a liquid phase and a gaseous or solid 
phase, the apparatus comprising: 

(a) an illuminator for generating a pair of light sheets and directing said 
light sheets through the multiphase fluid by means of transparent 
portions of the pipe, said pair of light sheets oriented perpendicular 
to a direction of flow of multiphase fluid and spaced apart in the 
direction of flow by a predetermined distance; 

(b) a pair of photodetectors positioned across the pipe from said 
illuminator, each of said pair of photodetectors optically associated 
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with one of said light sheets for detecting scattered light from the 
associated light sheet and generating a signal; and, 
(c) a signal processing means for processing the signals form said pair 
ofphotodetectors, calculating cross-correlation functions between the 
signals to determine a time delay, calculating the velocity of the 
multiphase fluid by taking a ratio of the predetermined distance to the 
time delay, and for calculating an amount of liquid fraction in the 
multiphase fluid based on dispersion of signals from said 
photodetectors. 

An apparatus according to claim 17 further comprising: 

(a) a reference illuminator for generating a collimated beam and 
directing said collimated beam through the multiphase fluid by means 
of transparent portions of the pipe; 

(b) a reference photodetector positioned across the pipe from said 
reference illuminator and optically associated with said collimated 
beam for detecting attenuated light from said collimated beam and 
generating a signal, and; 

(c) a reference signal processing means for processing said signal from 
said reference photodetector and calculating the amount of liquid 
fraction in the multiphase fluid based on dispersion of said signal. 

An apparatus according to claim 17 further comprising: 

(a) a reference illuminator for generating a collimated beam and 
directing said collimated beam through the multiphase fluid by means 
of transparent portions of the pipe, said collimated beam comprising 
light of a first wavelength with high absorbance in a liquid fraction 
and light of a second wavelength with low absorbance in the liquid 
fraction; 

(b) reference photodetectors positioned across the pipe from said 
illuminator and optically associated with said collimated beam for 
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detecting attenuated light from said collimated beam and generating 
a first signal corresponding to light of said first wavelength and a 
second signal corresponding to light of said second wavelength, and; 
(c) a reference signal processing means for processing said first and 
5 second signals and calculating the amount of liquid fraction in the 

multiphase fluid based on a ratio of said first and second signals. 
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